&

First Optical Packet Switching Demonstration
with Sixteen-Channel InP Monolithically
Integrated Wavelength Selector Module

S. Khalfallah, B. Martin, J. Decobert, S. Fabre, C. Fortin, P. Peloso,
I. Guillemot, J. Le Bris, M. Renaud (1), A. Goth (2),
A. Dupas, L. Gilbert, D. Penninckx (3)
(1) OPTO+, Alcatel R&I, Route de Nozay, F-91460 Marcoussis, France (Sabry. khalfal]ahCalcalel fr)

(2) Alcatel R&I, Alcatel SEL AG, Lorentzstrasse 10, D-70435 Stuttgart, Germany
(3) Alcatel R&I, route de Nozay, F-91460 Marcoussis. France (Déms.Penmnckx@alca!e].fr)

Abstract: The first demonstration of optical packet switching with an InP monolithic 16-channel wavelength selector
module is reported. Switching time below 3 ns. wide input power dynamic range of !5 dB. averuge polarisation
dependent loss below 2 dB and error frec transmission are demonstrated.

Introduction

Fast optical switching technology compatible with the
constraints of packet applications is one of the emerging
technologies able to cope with the intensive growth of data
traffic generated by Internet-bome services. It offers the
required capacity as well as high flexibility. To realize
optical packet switching systems, space and wavelength
switching with time responses in the ns range are
mandatory functions that can be achieved by devices based
on Semiconductor Optical Amplifiers (SOA's) used as
optical gates/lI/. WDM channel selectors are such key
components that achieve fast switching of wide band
elements (SOA's) associated to fixed (de)multiplexers,
providing inherent stability. They have already been
reported with both hybrid integration /2/ and monolithic
integration /3”. Furthermore, we recently reported flip-chip
mounting of a sixteen-channe! InP monolithic device on an
AN submount /4. In this paper, we present a sixteen-
channel InP monolithically integrated wavelength selector
module and demonstrate for the first time to our knowledge
that this device is well adapted 0 a large range of optical
packet switching applications (fast wavelength selection :
suppression) for metropolitan anc backbone networks.

Wavelength selector module

Our device integrates passive scctions (phasars) consisting
of a deeply eiched structure and active sections (SOA's)
made of a separate confinemen: heerostructure with a low
tensile-sirained bulk active layer. The layers of the passive
sections and the top layers of the SOA's were grown using
metal organic vapor phase epitaxy while the lavers of the
active structure were grown using gas-source molecular
beam epizaxy. Low propagation loss in the passive sactions
(=3 dB‘cm). as well as low and reprocucible coupung loss
and low reflectivity at the transitions with the aciive ones

are ensured by a specific integration scheme T' 's process
combines growth of undopec ciadding layvers in the passive
sections with panteming of all s:ripes in a2 single
lithographic ste 2p. I»admo .o \’h -ali acti passive

jue of two phased-
aray ~d sixteen SOA’s
achieves high performance : zero-loss operation at low
driving current. low polarisation sensitivity, low crosstalk
and compactness.

The wavelength spacing of our [6-channel wavelength
selector is 200 GHz (1.6 nm) with a free spectral range of
37nm around 1.55 um. k consists of two phased-array
wavelength cemultiplexers, with 80 waveguides in the
gratings, and 16 SOA’s each 370 um long. The minimum
radius of curvarure of the bent waveguides was 100 um
whereas the pitch of the SOA’s was 150 um. Figure I
shows the chip after cleaving, its towl size being only
42mm x 4.6 mm. In order to simplify packaging and
ensure fast switching operation, the chip was flip-chip
mounted on a Silicon submount comprising a network of
coplanar lines connected to an array of AuSn bumps to
which the elecrodes of the SOA's were soldered.

Figure 1: 16-channel wavelength selector chip
TZ':-: polarisazion depencent loss (PDL) of this device is

uite low at 1.3 = 1 dB. Crossialx is below -0 dB w‘ule
¢ 3 dB bandwidih is about §3 GHz

Transmission experiment

The wavelength selector mocule has been placed on a
160 mm X 233 mm tesung board (Figure 2) including
iemperature control and 16 fast switching drivers allowing
1o switch from 0 up to 130 mA. The currents were chosen
on each gare (around 99 mA) in order to have the same
gain for all tha charasls.

System experiments were conducied at 10Gbit's with an
NRZ signal 2ad The sensitivizy at 107
BER in bach K was =145 dB n. Figure 3 shows fora




typical example (SOA 2) the sensitivity versus the input
optical power for the states of polarisation yielding the
lowest and the highest optical powers.

Figure 2: Wavelength selector module on boar

The degradation for low optical powers is due to signal-to-
noise ratio degradation. The degradation for high optical
powers is duc to SOA saturation. However, the power
range is around 15 dB, giving a high tolerance to optical
power fluctuations. We have checked that the crosstaik
level is sufficiently low to avoid any penalty due to all
other 15 channels.
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Figure 3: Sensitivity vs. Pj, for channel 2

Packet switching experiment

\We have then considered 1.6 us-long optical packets
separated by 32 ns guard bands. The experiment consists in
selec:ing one packet out of two.
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'Figure 4: Packet switching with SOA 9 and |

Tie input optical power was set at -3 ¢Bm. Figure 4 shows

‘pical sefected optical packets. The stam and the enc of the
(27 are not comrupted by the switching. [n order o check
we have measured the power Iy versus the

wi

moment of switching during the guard band (0 corresponds
to the middle of the guard band).
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Figure 5: Guarband tuning

As can be shown in Figure 5 for two typical gates, the
switching window is above 25 ns out of 32.ns of the guard
band, showing that the switching to ON and OFF occurs
perfectly with less than 7 ns. Direct measurement of the
switching times shows that the SOA’s are switched within
less than 5 ns.

Conclusion

Hence, we have shown for the first time the optical packet
selection through a monolithic wavelength selector module
on a board with 16 drivers. The switching time is less than
5 ns yielding high tolerance towards the switching moment
within 32 ns guard band and the optical power range is
around 15 dB for all the gates yielding a high tolerance to
packet by packet power fluctuations. We thus believe that
the wavelength selector is a very promising solution for
future optical packet networks.
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